Abstract. The lichen biota of the Karnieszewice Forest Division (N Poland) is presented. Despite it is predominantly a strongly managed woodland area, 270 lichen species were found there including many rare species for Poland, as well as for European Lowland. Near 20% of the whole lichen biota are considered to be threatened in the country (categories CR, EN, VU), and 34 species are protected by law in Poland. Agonimia flabelliformis is reported for the second time from Polish lowlands.
Introduction
Sensitivity of lichens against changes in habitat conditions is known and widely described in literature, beginning with the classical work of Nylander (1866) and thousands books and articles, (e.g. Hawksworth 1971; Herzig & Urech 1991; Fałtynowicz 1995; van Herk 2001; Zalewska 2012; Adamska 2014; Jóźwiak 2014) . Also impact of forest management on lichen biota have been mentioned in many publications. In 1934 dr. F. Krawiec wrote: "…Flora land, numerous stenotopic or forest relict lichens have been more and more often found (e.g., Cieśliński 2003; Zalewska et al. 2004a, b; Wieczorek 2005; Zalewska 2012; Kubiak et al. 2014) . It may be a proof for the improvement of habitat conditions in forests, but it should be further investigated in the future.
The aim of this work was to know a lichen diversity in managed lowland forests and to compare the list of species with results of similar investigations made in other lowland woodlands in Poland including the old and long-term preserved forest areas.
Study area
The area of Karnieszewice Forest Division has very rich and diversified geomorphology. Ground moraines dominate, but almost all geomorphological forms, typical for the zone of the last glaciation in northern Poland (e.g., frontal moraines, pravalleys, narrow erosion valleys with steep slopes, numerous spring areas) are present here. Landscape is enriched by seashore with mosaices of dunes, sandbars, shore of large lakes and peatbogs.
Such geomorphology gives a great diversity of habitats for plant communities. Coniferous habitats dominate in the forests (nearly 45%), however other forest associations are also known from this area: Melico-Fagetum, Luzulo pilosae-Fagetum, Stellario-Carpinetum, Ribeso nigri-Alnetum, and smalles areas covered by phytocoenoses of Betuletum pubescentis, Circaeo-Alnetum and Betulo-Quercetum. Non-forest associations important for the occurrence of lichens are mainly Helichryso-Jasionetum and heaths in coniferous complexes.
Tree stands in the Karnieszewice Forest Division posses relatively high average of age (65 years). The dominant tree species is Pinus sylvestris (52%), and a great share has also Picea abies (9%). Decidous trees are almost 40% of forests, with dominating Fagus sylvatica (14%), Betula spp. (10,5%), Alnus glutinosa (6%) and Quercus spp. (5.5%). Trees and shrubs growing along roadsides are also very important for lichens, with the most frequent: Acer platanoides, A. pseudoplatanus, Carpinus betulus, Fraxinus excelsior, Corylus avellana, Larix spp., Padus avium, Populus spp., Sorbus aucuparia and Tilia cordata.
More than a half of the forests of Karnieszewice Forest Division (10 560 ha) is protected in different ways: Nature 2000 areas, nature reserves, areas of protected landscape, etc. Since 2011 the whole Karnieszewice Forest Division is the part of Forest Promotion Complex "Lasy Środko-wopomorskie".
The study area includes also areas not belonging to the Karnieszewice Forest Division -agriculture and rural areas. They are places with rich and completely different lichen biota. Particularly interesting habitats were roadside trees (most often maple, sycamore and lime trees) and trees around old churches.
Materials and methods
The article is based on observations and collections made during field studies in 2013 (localities nos 1-23; see Kukwa et al. 2013) and 2014 (localities nos 24-53 and 60-69) , and on published data (Erichsen 1936 (Erichsen , 1940 Tobolewski 1964 Tobolewski , 1966 Tobolewski , 1979 Tobolewski , 1980 Tobolewski , 1981 Fałtynowicz 1992; Izydorek 2010 -localities nos 54-59) . Specimens are deposited in the herbaria UGDA, GPN, OLS-L, OLTC and WRSL. Lichen substances were analyzed by standard technique of thin-layer chromatography in solvent systems A, B, C and G (Orange et al. 2001) . The nomenclature follows mostly Fałtynowicz and Kukwa (2006) , excluding lichens from Teloschistaceae family (Arup et al. 2013) and genera: Alyxoria (Ertz & Tehler 2011) , Caeruleum (Arcadia & Knudsen 2012) , Circinaria (Nordin et al. 2010) , Graphis (Neuwirth & Aptroot 2011) , Varicellaria (Schmitt et al. 2012) , Violella and Zwackhia (Ertz & Tehler 2011) , and species: Brianaria sylvicola (Ekman & Svensson 2014) , Cladonia floerkeana (Santesson et al. 2004) , Lecanora filamentosa (Palice et al. 2011) , L. pannonica (Brodo et al. 1994) , L. saxicola (Laundon 2010) , Lepraria finkii (Lendemer 2011) , Melanelixia glabratula (Arup & Sandler Berlin 2011) , Punctelia jeckeri (Kalb 2007) , Rinodina oleae (Santesson et al. 2004) and Usnea dasopoga (Arcadia 2013) .
Categories of threat follow Cieśliński et al. (2006) and are included in text and 
Results and discussion
Lichenological data from the Karnieszewice Forest Division and adjacent areas are relatively insufficient. The oldest, single information is comprised in publications of Erichsen (1936 Erichsen ( , 1940 , Tobolewski (1964 Tobolewski ( , 1966 Tobolewski ( , 1979 Tobolewski ( , 1980 Tobolewski ( , 1981 and Fałtynowicz (1992) . Several species from south-east part of Karnieszewice Forest Division have been reported by , and a brief information about Koszalin City lichens can be found in the conference abstract by Bezmian (1998) . The most complete data have been published recently by Kukwa et al. (2013) , however those records represented only preliminary results. Altogether 270 lichen species were found in the explored area. Such a large number of species is apparently a result related to the great diversity of substrates and habitats in this area. This number of species is relatively high also for the Polish Lowland (Table 1 ). There is no doubts it is also a result of the relatively good condition of forest associations, which despite intensive forest cultivation (from 19 th century), preserved their values and specific phytoclimate.
In comparision to other protected areas in northern Poland with similar acreage and partly also habitats, the Karnieszewice Forest Division is one of the richest; also numerous red-listed species (Table 2) and taxa protected by law (Table 3) occur there. Epiphytic lichens dominate in the lichen biota (165 species), but the group of wood-inhabiting species is also rich (75 species). Epilithic lichens are also numerous (69 species), however, on the natural substrate (boulders and stones) only 47 species have been found. On antropogenic substrate (concrete, bricks, tiles, eternite) 38 further species have been recorded. The biota of terricolous lichens includes 45 species (most of them belong to Cladonia genus); this group of lichens does not have suitable habitats in the study area. In addition seven species were also found on metal substrate.
The importance of the Karnieszewice Forest Division for the lichen diversity protection can be also proved by the very long list of lichen taxa with the highest categories of threat in Poland. 53 such species have been found (19,6% of the whole local biota) ( Table 2) , five of which with CR category and 21 species with EN category. Among them there are taxa particularly rare in the country, such as Cladonia parasitica and Ramalina baltica, but some of them occur very frequently in northern Poland thus in studied area their category of threat is surely lower. It is applicable among the others for Cladonia caespitica, Flavoparmelia caperata, Pleurosticta acetabulum, Ramalina fastigiata, R. fraxinea and Usnea florida. Agonimia flabelliformis is reported for the second time from Polish lowland (Kowalewska unpubl. data).
In the Karnieszewice Forest Division 34 species protected by law were found (Table 3) .
List of species
In the list numbers of sites and substrate type were noted for each species; + -non-lichenized fungus Absconditella lignicola 34, 35, 38,  Coppins & Scheid. -9, 11, 40-42, 45, 51, 52, 56, 58, 60, 61, 66; Körb. -33; A. mediella Nyl. -20, 29; ; A. radiata (Pers.) 32, 33, 35, 37, 39, 54, 64; Apl, Bet, Cav, Cb, Fr, Fs, Ps, Q, Sal, Sor; 8, 10, 26, 27, [30] [31] [32] [33] [36] [37] [38] 54, 64, 65; Al, Cav, Cb, Fr, Pav , Ps, Q, Tc; Wigierski National Park (Fałtynowicz 2014 ) 303 Wdzydzki Landscape Park ) 276
Karnieszewice Forest Division 270
Słowiński National Park (Fałtynowicz 2015, unpbl.) 270
Woliński National Park (Wieczorek 2014 ) 266 Drawieński National Park (Schiefelbein et al.
2012) 262
Suwalski Landscape Park (Zalewska et al. 2004a ) 231
Landscape Park of Puszcza Romincka (Zalewska et al. 2004b ) 222
Szczeciński Landscape Park (Wieczorek 2005 ) 207 4, 9, 16, 18, 24, 26, 27, 29, 30, [33] [34] [35] 38, 42, 48, 51, 52, 54, 67; Al, Bet, Cav, Cb, Fr, Fs, Pt, Q, Sor, dw; 37, 38; Q; dw; 8, 9, 11, 17, 18, 20, 22, 26, 28, 31, 34, 35, 38, 41, 45; Apl, Aps, Cb, Fr, Fs Moberg -9, 11, 15, 18, 40, 41, 45, 49, 51, 52, 55, 58, 60, 61, 63, 67, 69; Apl, Aps, Fr, Fs, Po, Tc, U, walls, stone; ; Phlyctis argena (Ach.) Flot. -1, 3, 4, 6-11, 15, 17, 18, 21, 22, 25-28, 32, 34-36, 40, 41, 48, 51-55, 60, 63, 65-67; Al, Apl, Aps, Bet, Cav, Cb, Fr, Fs, Ps, Pt, Q, Sal, Sor, Tc, dw; ; Physcia adscendens (Fr.) H. Olivier -1, 9, 11, 12, 15, 18, 22, 25, 40, 42, 45, 48, 49, 52, 53, 55, 56, 58, 60, 63-68; Apl, Aps, Bet, Cav, Fr, Fs, La, Po, Ps, Q, Rr, Sal, U, walls; ; Ph. aipolia (Ehrh. ex Humb.) Fürnr. -9, 32; Apl, Fr; Ph. caesia (Hoffm.) Fürnr. -7, 15, 51, 52; metal, stone, wall; ; Ph. dubia (Hoffm.) 51, 52, 66, 67; Apl, Aps,  walls; Ph. stellaris (L.) Nyl. -9, 36, 48, 49, 65; Ph. tenella (Scop.) DC. -1, 6, 8, 9, 11, 18, 25, 26, 35, 36, 37, 40, 41, 42, 45, 48, 49, 52, 53, 54, 55, 56, 60, 63-68; Apl, Aps, Bet, Cav, Cr, Fr, Fs, Pa, Po, Ps, Q, Sal, Tc, U, dw, wall; ; Physconia distorta (With.) J.R. Laundon -1, 11, 40, 45, 56, 61; Apl, Aps, Fr, Po, Pt; ; Ph. enteroxantha (Nyl.) Poelt -9, 11, 25, 48; ; Ph. grisea (Lam.) Poelt -11, 48, 60, 61; Ph. perisidiosa (Erichsen) Moberg -11, 61; Bet, Fr, Po, Ps, Pt, Ra, Q, Sal, Tc, U, dw, metal, wall, eternit; ; Zwackhia viridis (Ach.) Poetsch & Schied. -8, 18, 20, 22; Cb, Fr, Fs, Q, Tc; .
Conclusions
The Karnieszewice Forest Division, despite forest management carried out since many years, is relatively in a good condition and characterized by high average of the tree stand age. Additionaly, in this area a strong air pollution were never detected. Simultanously, habitat conditions (among others high air and substrates humidity) are very convenient for the lichen vegetation, especially for epiphytic species. Presented results can prove that in this case impact of forest management on lichen biota is not as drastic as it has been described in the literature. However, there are not many lichens typical for primary forests or they are rare. In our opinion, rational forest culture based on ecological rules and preservation of forest continuity on larger areas enable the occurrence of numerous stenotopic lichen species, sensitive to changes of habitat conditions.
